Un premier pas vers la réservation de bande passante dans les réseaux radio by Bertet, Karell et al.
HAL Id: inria-00072759
https://hal.inria.fr/inria-00072759
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Un premier pas vers la réservation de bande passante
dans les réseaux radio
Karell Bertet, Isabelle Guérin Lassous, Laurent Viennot
To cite this version:
Karell Bertet, Isabelle Guérin Lassous, Laurent Viennot. Un premier pas vers la réservation de bande
passante dans les réseaux radio. [Rapport de recherche] RR-3895, INRIA. 2000. ￿inria-00072759￿
IS
S
N
 0
24
9-
63
99
   
   
 IS
R
N
 IN
R
IA
/R
R
--
38
95
--
F
R ap por t  
de  r ech er ch e 
THÈME 1
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Un premier pas vers la réservation de bande passante
dans les réseaux radio
Karell Bertet — Isabelle Guérin Lassous — Laurent Viennot
N° 3895
Mars 2000
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 Le Chesnay Cedex (France)
Téléphone : +33 1 39 63 55 11 — Télécopie : +33 1 39 63 53 30
 
	! "$#%" &'('
 ")'*,+- 
.0/2143657589361):;3<:=?>A@CBD/2EF3G5H5730I0JK61DL7MONP/QBDBDR2JBTS>AN
/2J1436MU:,VLH3GMMR2:W
XY[Z)\^]^_a`cbd4ef]4g<hji,]kPefljemknZ)\^]4e
oqpnrtsm])kPu
vxwQ]4pny)r<\
b
gtw[wQrGpzk
{j]pn]4y|Y}]4pny|Y}]~2<GG(`c0g<pne
<<G`-9w[g<<]4e
"4"2Pr<h[eA~[r<h[eAefr<\^\^]4evx~6kfd)pn]4enefd4eAgth^w}pnr<[Z4\9]{j]pnd4ef])pngknvrG~9{j]Qgt~[{j]wQg<enefg<~Gkn]{[gt~[e
x]4e%pfdDez]Dgthjip|g<{jvxr[
r<hQew}pnr<w2rGefr<~[eh}~}],\^rj{jd4vefgtkfvxr<~efvx\9w[]{j],gpnd)hjknvxvxengknvrG~efw[gknvxg<],{}h
y4gt~[g<7F])gyr<~Q{jh}vk h}~}]%v~[ezkng<~[y]¢¡7ezvx\^w}xv¤£[d4]D¥P{jhw}pnr<}xZ)\^]{j]%eng<y¦§ t¦§{}rGe\%h[¤knvx{jvx\^])~[efvxr<~}]47
Pr<h[e\^r<~6kfpnr<~Qe
])~Qezh}vkf]^¨6h}]^y]%w[pfrG}Z4\^]%]4ezk©
oA¦ªyrG\9w[])k4«\^¬)\^]9efr<h[\9vea ,y]4pzk|gtvx~}]4ePpf]DemknpfvyC¦
knvrG~[e4«jw}h}ve~}r<hQew}pfrGwQr6ezrG~[eh}~}]©Y}]4h}pnvxezkfv¨6h}]wQ]4pf\^]kfkng<~Gk
{U­ r<}kf])~[vp
h[~}]ezrGh}kfvxr<~gtw}w}pnrjy|Y}d)]G
®¯[°D±|²<³´"p|g<{jvxr[«j¨6h[gtxvkfd{j]©ef])pn6vy]G«jpfdDez]4pfgtkfvxr<~"{}]aQgt~[{j]©wQg<enefg<~Gkn]<«r<w}kfvx\9vengkfvxr<~
µ¶j·|¸¹'º'»;¸ ¼½m¾´¿H¸ À7Á^Â;½(¶jÃ"ÄTÅ)Æ§Ç;½mÈÉÈÉ½C¹Ê¼½m»)Ë;½Â;½^Ì©Ã|¾´¸ÉÈÉÈÍÃ|ÆC¹qÎfÏ|Ð|ÑÒ"¶jÃ"ÄÅ)Æ§Ç;½mÈÉÈÉ½Ó½mÂ;½ªÔÕÎC¹'Ö¾HÃ|»;Æm½C¹½m×
Ã|¸ÉÈØ
Ù4Út½m¾´À7½ªÀªÛËD»;¸ ¼4ÜÈÉ¾zÝ Þ¾ß2àâá Ä à Ê¢ÄÅ)Æmã4ËD½z»DÆzÅCËD¾´Àz¹)äÅC×
Ã|¸É»;½QÂ;½QåQÅCÈÉË;Æm½zÃ|Ë6¹CæUç9ÎzÐCèD¹|Ï|éDÎzèC·¶½ÓUÇD½z¿7»Ãzê¹nÖ¾HÃ|»;Æm½C¹C½m×
Ã|¸ÉÈ;Ø à ¿§Ã|Út½mÈÉÈÉ½Ý ëËD½z¾´¸É»DÜ
¶jÃ|¿H¿7ÅCË;¿ªÛ¸É»;¾´¸ÍÃDÝ Þ¾ì àâá Ä à ÊíÄTÅ4Æmã)Ë;½m»;ÆmÅCË;¾âÀf¹äÅC×
Ã|¸É»;½OÂ;½OåQÅCÈÉË;Æm½zÃ|Ë6¹æUçîÎzÐCèD¹Ï|éDÎzèC·¶½ïÓÇ;½m¿H»Ãmê¹Ö¾7Ã|»;Æm½C¹½m×
Ã|¸ÉÈðØ
¶jÃ|Ë;¾´½z»ÀzÝ å¸É½m»;»;Å|À§Û¸É»;¾´¸ÍÃDÝ Þx¾
   CU9'© 	
  ¢ ') 
  &	
 4°}²<°< ]emknh[{jlðkfY[],[g<~[{v{kfYpn]4ef])pngknvrG~ðw[pfrG}]4\ v~p|g<{}vr~}])kFrGp! je4" ]"w}pnr<w2rGef]
gÕefvx\9w[]0\^rj{j]4xv~[r<~ kfY[]?ezwQgkfvgtpf]4h[ef]<$#§k]Dg<{}ekfrkfY[] ¦|_\%h}kfv{jvx\^])~[efvrG~[gt% ~[gtw[eng<y& 
w[pfrG}]4\' ]^efY}r kfYQgkkfY}veaw}pnr<}x])\ pn])\gtvx~[e
oq¦§y)r<\^w}x]kf]G«U])G])~?h[~[{j])p©efr<\^]9pf]DemknpfvyCknvrG~[e)
XY[])~(F]©w}pnr<w2rGef]g(Y[])h}pnvxezkfvyakfYQgk<vx<]Degt~gtw}w}pnr;ijv\gtkf]4{"ezrGh}kfvxr<~T
)"*,+±.-%¯/0<pngG{jvrQ«/1r,2«j[g<~[{v{kfYpn]4ef])pngkfvxr<~«6rGwjkfvx\^v43DgknvrG~
 
	


 !#"$%"&'()"$*+,-
,.$/0&"! 
1 2 ( *43 '
Prtkfpn]¢gtpfkfvyx]yrG~[y]4pf~}]^H­ d)kfh[{}],{j]w}pnrtknry)r<x]4e{j]pnd4ef])pngkfvxr<~{j][g<~[{j]w[gGefengt~6kn]^{[gt~[ex]4e
pnd4ef]4g<hji?p|g<{jvxr[65agt~Qe%y]^kmlw2],{j]¢pnd4ef]4g<hT«Ug[gt~[{}]¢w[g<enengt~6kf]^]4ezk%w[g<pzk|gtGd)]^])~6kfpn]x]4e{jv-7d)pn])~6kne
\^rG}vx]4e(¡´g<w}wQ]4dDeg<h[enezv8:9;."w[gtpxg,ezh}vkf];¥
{jh?pfdDez]Dgth¨6h}v'd4\^]kzkn])~6kPknr<h[eezh[pPx]%\^¬)\^](y4gt~[g<7
<P~w}pfr<kfrjyrG]{U­ g<y4yZ4ew2])pn\^]kP{U­ d)vkf]4p]Deyr<xxvxefvrG~[e4
FrG\9\^]
x]4e pfdDez]Dgthji(pngG{jvr©r$72pn])~6kqh}~[]
[gt~Q{j]
w[gGefengt~6kf]pnd4{jh[v¤kn]<«<vxeq~}dDy]4enefv¤kn])~6kqh}~\^v~[v\(h}\
{}]^y)r<~6kfp=<x]({[gt~[eag"G]4ezkfvxr<~ð{j]9y)]kfkf][g<~[{j]9w[g<enefg<~6kf]<?>](w}pnr<[Z4\9]^{j]^pnd4ef])pn;gtkfvxr<~?{}]9Qgt~[{j]
wQg<enefg<~Gkn]yr<~Qezvemkn]
 ©\gijvx\9vef])pqx]
~}rG\%}pn]
{j]P{j]4\gt~[{j]Deq{U­ d)\^vefefvrG~[e4«t])~[y)r<pn]
gtw}w2])xd)]De@A.B
C
|«
rGh¢ rGwjkfvx\^vxef])p7­ hjknvxvxengknvrG~¢{j]axg©Qgt~[{j]w[g<enengt~6kf]G«tkfrGhjkF]4~¢pn]4efwQ]DyCkng<~6kFx]4e y)r<~6kfp|gtvx~6kf]Deqxvd4]4e g<hji
pn]4enefr<h}p|y]Dea{}vxefwQrG~}vx}]De¢¡âgtpn<]4h}p{j]¢Qgt~[{j]wQg<enefg<~Gkn]D¥g<v~[efv ¨6hT­  xgpnd)h}kfvxvefgtkfvxr<~Õefw[gknvxg<]¢engt~[e
vx~6kf]4pz¦§}pnr<h}vxgtG]
{j]4ey)r<\^\%h}~[vxy4gkfvxr<~Qe)D5g<~[ey]aw[gtw[v]4p4«~}rGh[e~}r<h[eFvx~Gknd)pn]4enezrG~[e H­ rGwjkfvx\^vxengknvrG~
{}]0xg[gt~[{}]0w[g<enengt~6kf]hjknvxvxefd)]GPrtknr<~[e¢¨6h}]?xgÕ\gtivx\^vxengknvrG~ {jh ~}r<\(}pn]0{j]?pn]4¨6h}¬)kf]4e¢~T­ ]Demk
¨6hT­ h}~}]©vx~[ezkng<~[y]©{j]H­ rGwjkfvx\^vxengknvrG~{}]ag9[gt~Q{j]©w[g<enengt~6kf]arGpnen¨6h}]a]Depf]D¨6h}¬kn]4er<~6k
yr&Ejk,F<
5agt~[eFh}~}]Pw}pf]4\^vZ4pf]
wQgtpfkfvx]<«<~[r<h[eFy)gtp|g<ykfd4pfvezrG~[eg 3)rG~}]P{j]}pfrGh}vxgtG]
{U­ h[~¢~}r])h[{¢d)\^]kfkf])h[p4«
y)]¨6h}v2~}r<hQeqw2])pn\9])k{j]png<\^])~}]4p x]Pw}pnr<}xZ)\^]P{}]Ppnd4ef])pn;gtkfvxr<~{j][gt~[{}]Pw[gGefengt~6kf] ©h}~}]v~[ezkng<~[y]
efvx\9w[v£[d)]{jh w}pfrG}xZ)\^]"{jh efgGyC¦ª ¦ª{jrGe\%h}kfv{jvx\9]4~[efvrG~}~}])G Hj«qj«I[«_J§«w}pfrG}xZ)\^]"¨6h}v]4ezk9PoA¦
y)r<\^w}x]kD
5agt~[e
h}~}]%{j]4hjijvZ4\^]©w[gtpfkfvx]<«j~}rGh[e\^r<~6knpfrG~[e¨6h}]©]©w[pfrG}Z4\^]¨6h}v'~}r<hQev~6kfd4pf]Defef]<«}g<v~Qezv¨6h}]
{}])hji {}]0ez]De^pf]DemknpfvyCknvrG~[e9pfdDgtxvxezkf]De)«Aefr<~6k¢
oA¦ªyrG\9w[])kne4 
rGh[e{jr<~[~}r<~[e^]4~[efh}v¤kn]h}~}]w}pn])\^vxZ)pn]
2r<pn~}]
vx~LKâd4pfvx])h}pn]efh}p]~}r<\(}pn]P{j]apf]D¨Gh[¬kf]De efd)x]4ykfvxr<~}~}d4]4e wQrGh}pFh[~"gtx<rGpfvkfY[\9]GrGhjkfrG~,efv\^w}x]<
M N O3FC,! "* "©#
P
	
QSRUT VXW'Y[ZO\U]^`_ba+]UWdceY[fg\h_ji+ZbkSa+]U\]U^`_aL]UWdcl^`m[_a+]h_n\Uf
>'g,pnd)hjknvxvefgtkfvxr<~?efw[gknvxg<]9]4ezkxg"wQr6efefvx}vxvkfd^{j](w2r<h[<r<vxpa]
7]4yCknh}])p©{j]4hji?yrG\^\%h}~}vy)gtkfvxr<~[eaefv¤¦
\(h}kngt~[d)]4e9engt~[e%v~6kf]4pz¦§}pnr<h}vxxxg<<]¢efvF]4x]4e9ezrG~6k9efhLo¢efg<\9\^]4~Gk9d)xr<vx<~}d4]4e%7­ h}~}]{j],H­ gthjknpf]GPr<h[e
h}kfvxvez]4pfrG~[eFvxy)v2x]P\^rj{jZ4]aw}Yljezv¨6h}]{j]aw}pnr<w[g<Ggtkfvxr<~x]Pw}xh[eezvx\^w}x]8pjy])xh}vr$q,h}~,pnd4y)])wjkn])h}pw}g<yd
 "h}~}]{jvezkngt~Qy]r,{U­ h}~}]ezrGh}p|y]%p|g<{}vrd)\^]kfkng<~Gkg;G]4yh[~}](w[h}vxenengt~[y)]tspn]vu)r<vkah[~ðefvG~[gtA{U­ h}~}]
w[h}vxenengt~[y)][swrxLyq~]4efw[gGy]vx}pn]<«+z|{~}jLy ~\^vxvx])hh}pn[g<v~]De\^r{}Z)x]4e{j]w}pnr<w[g<Ggtkfvxr<~ 2}
efh}w}w2rGef])~6k@zG J§
>'gpfd4hjkfvxvengkfvxr<~ efw[gknvxg<]]4ezk,{jrG~[yh}~ w}pfrG}xZ)\^]0 ðrG~}<h}]w2r<pfkfd4]8pA\^¬)\^]0{j]4e¢d)\^]kfkf])h[pne
d4rGvG~}d4e"w2])h}G])~6kwQgtpfkfvyvxwQ]4pg<hO}pnr<h[vxxg<<]GF
rGh[egtxrG~[ey])w2])~Q{}gt~6k\^r<~6kfpn])pyrG\9\^]4~Gkh}~}]
y)r<~6kfp|gtvx~6kf]rjy4gtx]Fw2])pn\^]k {U­ g<enezh[pf]4p'h}~^2r<~Kâr<~[ykfvxr<~}~[])\^])~6kqgth9~}vx<]4g<h(GrG[gtH<F]kfkf]yrG~Gknpng<v~6kn]
ef])p|g(wQ]4hjkz¦§¬knpf]h}~wQ]4h"pn]4ezkfpnvyCkfvx<]^¡´y<­ ]Demk
 9dknh[{jvx])pC¥F\^g<vxe]4x]r*7pf]ah}~}]\^rj{jd)xvefgtkfvxr<~ezvx\^w}]©{j]
g9pfd4hjkfvxxvxengknvrG~efw[gknvxg<]G
2h[w}wQr6ezrG~[e©¨6h}]g"w2r<pfkfd4]{j]4ey)r<\^\%h[~}vxy4gknvrG~[e]4ezk©QrGpf~}d4]^w[gtp$¡ kmlw}v¨Gh[])\^])~6k¨6h}])¨6h}]4e
y)])~6kng<v~[]4e{j]©\^Zknpf]De])~]4efw[g<y)]axvx}pf]rGhef])h}x])\^]4~Gk
¨6h}]4x¨6h}]De{jv43Dgtvx~}]4e{j]©\^Z)kfpn]4e{}g<~[eh}~knv¤¦
\^]4~GkC¥C6
r<hQe gtxxr<~[eAvx\^wQr6ez]4pqgyrG~Gknpng<v~6kn]rjy)g<]
efh}vxgt~6kf]8p<h}~¢~+©h[{e4­ v~6kf]4pn{}v¤kF{T­ d4\9])kzknpf]Pefv[h[~
g<hjkfpn]~+©hQ{0 ,{jvezkngt~Qy]vx~LKâd)pnvx])h}pn](  d)\^]k{jdmsz [2Pr<h[eagtxxr<~[eP]4enefg;lG])p
{j]9{jdkn])pn\9vx~}]4px]%w}xh[e
w2]knv¤k[ ¨6h}vT6gtp|gt~6kfvxp|g%¨6hT­ gth[y)h}~}]©yrG\9\(h}~}vy)gtkfvxr<~~T­ ]Demk}pnr<h[vxd4]©ezrGh[ey])kzkf]y)r<~[{}v¤knvrG~T
Ä'Ä »[·CéCè
I   
C'.
 O!*.D	O:!
Recepteur
Brouilleur
D
L
Pire cas Cas pratique
D
L

j_
.$/   . !'!-
S	
 ).L8!(," C .	!* +n -.L+"&@.L 
?* 0" C". %!.L  
.L,-S .D,-!$"$*+,-t

*.! "#&*.!%$&d.L(' : )*,+)	*  --`
"&
/.00"*! C1d.L,  . !* A.2 
Pr<h[e ~}r<h[eFyrG~Gkn])~6kf]4pfrG~[eAvyv{U­ h}~,y)g<xy)h}Qg<w}w}pnr;ijv\gknv Kw2r<h}pezvx\^w}]4\^])~6kTsmh[ezkfv£[])pg©\^r{}d)xv¤¦
engknvrG~T«th}~[]
dknh[{j]
w}xh[e wQrGh[efefd)]
efh}pFxg©{jd)kf]4pf\^vx~[gknvrG~^{}][4w ]4ezkq])~¢y)r<h}p|e4<
rGh[eq~}rGh[eAw}g$u)r<~[e
{[gt~[e©y)]^¨6h}vA~[r<h[e©ef])\(}]^h}~ðw}vxpf]y4g<e6pgyr<\^\(h}~}vy)gknvrG~ e4­ ]72]DyCknh}]¢gthy]4~Gknpf]^{U­ h}~\gtvxgtG]
knpfvgt~[<h}gtvxpf]9{j]w[gGe  {j]^}pnr<h[vx]4h}p|e9¡´wQrGh}p%efv\^w}xv£[])p©x]y)gtyh[7«UrG~ðy)r<~LKârG~[{?x]4ew2rGefvkfvxr<~[e©{j]
H­ d)\^]kfkf])h[pF])k{jh,pfdDy])w}kf])h[p|¥«6y)r<\^\^]Pvxxh[ezkfpnd{}g<~[eqg©£[Gh}pn]_<¡5dkn])pn\9vx~}]4p¨6h}]42]Demk]w}vxpf]ay)g<e
wQgtp|g03kh}~w}pnr<}xZ)\^]¢{j]"<d4r<\^dknpfvx]¢g<enez] 3¢{jv-oy)vx],¨6h}vezrGpzk%{}hy)gG{jpf]¢{}],y]"w[gtw}vx])pDO>]¢]DyCkn])h}p
ef]¢yrG~;g<v~Qyp|g0K´gGyvx]4\^])~6k(¨6h}]¢x]¢\gtvxgtG]9kfpnvxg<~}<h}gtvxpn]9]Demk9efg<~[e{jrGhjkf]¢x]¢w}xh[e({j])~[ef]]k9{jr<~[y
g<h\^r<vx~[e
w}pnrjy|Y}]{jh0w[vpn]y)gGe)É¥X'r<h[eP]De
~+©h[{[ePefr<~6kefh}w}w2rGefd4ed4\9])kzknpf]% ¢xg\^¬4\9](w}h}vefengt~Qy]<
orGh}p¨6hT­ h}~}]©y)r<\^\%h}~[vxy4gkfvxr<~,~}]aefr<vkw[g<eF}pnr<h}vxxd)]G«vK´gth}k¨6h}]a]ap|gtw}w2r<pfkefvG~[gtUefh}p}pfh[v¤kezrGv¤k
efh}w2d)pnv]4h}p
 9h}~}]y)r<~[ezkng<~Gkn]54 ¡7yg<enezv¨6h}])\^])~6kd)6gtx] _DG¥C+<P~}]yrG~[{jvkfvxr<~ezh+oengt~6kn]a]DemkP{}r<~[ynp
s
 x76 458 r&q 8{ 9: }pfrGh}vxx])h}p
s
5Pvemk0; :1< x
2jr<vk=?>¢H­ Y}]i}gtGr<~}]{jh"\g<vxxg<<]a{jr<~6k]Dey)r<vx~[eezrG~6k 9{jvemk|gt~[y)]A@6 {j]g9yr<\^\(h}~}vy)gknvrG~ ¡7y]k
Y[]i}gtGr<~}]9yr<~6knv]4~Gk,BC@}pnr<h}vxx])h[pne¨6h}vqefr<~6k h}~[]^{}vxezkng<~[y]^yrG\9w[pfvez]9])~6knpf]?@6ED &w$}¢])k,@6,¥C
y ~ð~[rtkng<~6kïg{jvxezkng<~[y]¢{}hð[pfrGh}vxx])h}px]w}hQed)xr<vx<~}d{}g<~[e]pnd4ef]4g<h?])k])~pngGefef])\(}gt~6kx]4e
[pfrGh}vxx])h}p|ew[gtpY}])i}gt<rG~}]4ey)r<~[y)])~6kfpnvx¨6h}]De)«rG~"rGjkfvx])~6kOp
8{GF!H%I9>KJL 9MONCPRQ
s
5vemk0; :1< x SF!H%I9>KJRL BC@
s
;@6ED `w$} < x 
Bs
;ED `w*} < xUT ;zWV F <
r&q T ;YX < {[ZG\>KJRL
L>C] ]4ezk
g9y)d)xZ)}pn] Kâr<~[ykfvxr<~(3)d)kng^{j]bvx])\gt~[~T
>'g9y)r<\^\%h[~}vxy4gknvrG~"~T­ ]4ezkP{jrG~[yaw[g<e}pnr<h[vxd4]wQrGh}pOp

 6
}
D  ;^B_4 T ; zWV F <O<
L
H x
àâá Ä à Ê
 
	


 !#"$%"&'()"$*+,-
,.$/0&"! 
  Ã º»(¾7ÃtÅC¾âÀ	
Ã|¾HÃ|»ÀH¸É¿7¿§Ã|»ÀÈ Ã|Ú;¿7½m»;Æm½
Â;½2Ú;¾7ÅCËD¸ÉÈÉÈÍÃC½z¿}½m»FÞÅC»;ÆªÀ7¸ÉÅC»FÂ;ËFÆmÅ4½Æm¸É½m»)À[Â ÃnÀ´Ü
À7Ám»4ËÃnÀ7¸ÉÅC»Â;½DË;¸É¿H¿HÃ|»;Æm½9Ãz¼½mÆDÝ
  Újº»;½Â;¸É¿´À§Ã|»;Æm½ Ã|¾HÃ|»ÀH¸É¿7¿§Ã|»ÀÈ Ã|Ú;¿7½m»;Æm½Â;½
Ú;¾7ÅCËD¸ÉÈÉÈÍÃC½z¿Q½m»ÞxÅC»DÆmÀ7¸ÉÅC»Â;Ë¾7ÃzêÅC»!%Â;Ë¾´Ám¿H½zÃ|Ë
Ãz¼½mÆ"#%$D¹
&A½ªÀ'DÝ

U,w 
-!*4z 
  
-!*E +!*.L@z|{ }  
>'g(£[<h}pn]}¡7gG¥{jrG~}~}]©h}~}]©v{jd4]{j]©xg9gtx])h[p
{j]y])kzkf]Kâr<~[ykfvxr<~¡´¨6h}v'{}vG])pn<]awQrGh}p[z {~}<¥}or<h}p
z { [«<r<~9knpfrGh}<]w[g<p ])i]4\^w}]¨Gh­ h}~p|gtw[wQrGpzkd4w*Oefh}w2d)pnv]4h}pF #(*) $©]4ezkFefgtkfvehK´g<vxengt~6kD«tr<h¢ ,+) -,
w2r<h[p@z|{ Qjor<h}p@z#{ }j«[r<~r<jknv]4~GkSK´gGyvx]4\^])~6kxg^yrG~[{jvkfvxr<~,p

 6
}
D  ;^B_4 ;hF.0/21 ;^'w < <O<
L
H 3
>'g(£[<h}pn]}¡´Q¥Fv~[{}vx¨6h}]©x]4eg<]4h}pne{j] w2r<h}px]4en¨6h}])xx]4eH­ vx~}d)6gtxv¤knd]4ezkGd)pnv¤£Qd)]<
FrG\9\^]¢g<w}w}xvxy4gkfvxr<~~}rGh[e©w2r<h}Gr<~[e©{}d4{jh}vxpn]]¢eny|Y}d)\g{j]pnd4ef])pngkfvxr<~{j][g<~[{j]w[gGefengt~6kn]
efh}vxgt~6kOp
 wQrGh}p%y|Y[gG¨6h}]~+©h[{54«Tr<~Õ{jd)£[~}vk(eng 3)r<~[]¢{j]}pnr<h}vxgtG]76;84 < yrG\^\9]d)kng<~GkH­ ])~[ef])\(}]
{j]4e
~+©h[{}e{j]{}vxezkng<~[y]© 94v~+Kâd)pnv]4h}pf]© «
 y|Y[g<¨6h}]%~+©h[{4ð]4ezkag<hjkfrGpfvezd ,pfdDez]4pfG])ph}~[](y]4pzk|gtvx~}][g<~[{j](w[g<enefg<~6kf]r ;84 < efvwQrGh}pPknr<hjk
~+©h[{;:Q«g%efr<\^\^]{j]De pnd4ef])pngkfvxr<~Qe {j]De ~+©hQ{}e{j]<6;=: < ~T­ ]i}yZD{j]aw[g<eFxg%[gt~Q{j]Pw[gGefengt~6kn]
\gijv\g<]G
yq~ w}p|gkfv¨6h}]<«2yt­ ]4ezkx]%w}pnrtknrjyr<x]{U­ g<y4yZ4egth0\^dD{jvxg,¨Gh[v'6gtp|gt~6kfvk¨6hT­ v~T­ lg<h}p|g^w[g<e{U­ vx~6kf]4pz¦
[pfrGh}vxgt<]a])~6knpf]©x]4ey)r<\^\%h}~[vxy4gkfvxr<~Qe)+>'gemknpngtkfd)Gv]{j]©pnd4ef])pngkfvxr<~yv¦ª{j]4enezhQeGgtp|gt~6knv]¨6hT­ vxT~T­ l
g<h}p|g?w[gGe{j]0yrG~}<]DemknvrG~TFF]kfkf]\^rj{jd)xvefgtkfvxr<~ ]4ezk©smh[emknv¤£Qd)]w[g<p7­ dknh[{j]w}pnd4y)d4{j]4~Gkn]<?>~ w2])hjk
y)])w2])~[{[gt~6ke4­ ]4~Og7p|gt~[y|Y}vxp¢])k"]4eneng;l<])p"{U­ d)kfh[{}v]4py)r<\^\^])~6k"{jd)kf])pn\^v~[])p])~ w}p|gknvx¨6h}]?]De@6;=4 <
w2r<h[p ¨6hT­ vx2~T­ l^gtvk w[gGeq{j]ayr<~[<]4ezkfvxr<~GF]kzkn]Pd)kfh[{j]ez]4pngx]Pefhsm]k{j]kfp|g;gthjiKâhjkfh[pne4->~w2r<h}pnp|gtvk
\^¬4\9]
{}d£[~}vxpq{j]De 3)r<~[]4eA{j]}pnr<h[vxxg<<]v~Q{jd)w2])~[{[gt\^\^])~6k {j]4e~©h[{}e4A>~^efh}w}w2rGef])p|gw[gtpAgezh}vkf]
¨6hT­ vxlg @~+©h[{}e]kCB 3)rG~}]4ea{j]9}pfrGh}vxgtG]]k©¨6h}]%H­ rG~ y)r<~}~[g3xkkfrGhjkf]Dex]4e%3)rG~}]4eagth}ij¨6h}]4x]4e
g<w}w[g<pzknv]4~Gk%y|YQg<¨6h}]~+©h[{TO>T]De'3)rG~}]4e%ez]4pfrG~Gk%g<w}w2])xd4e{j]De%eng<y4ewQrGh}p({j]Dep|gtvezrG~[e©{j],efvx\9vxgtpnv¤knd
g;G]4yh}~w}pnr<}xZ)\^]©yd4Z4}pf]G
Ä'Ä »[·CéCè
H   
C'.
 O!*.D	O:!
QSR Q  |i+W \ f~Y k ^`_
		Y@W;^jk \Ca+]UY ] fOc ^`]UWdc@fb\
2vrG~"y|Y}]4pny|Y}] r<w}kfvx\9vef])pxg([gt~Q{j]Pw[gGefengt~6kn]<«6]aefy|Y}d4\g%{j]apfdDez]4pfgtkfvxr<~¢{j]a[gt~Q{j]Pw[gGefengt~6kn]
{}d4ypnvk
w}pfdDydD{j])\^\^])~6k(¡7gtw}w2])xd%bo w[g<p
xgefh}vkf];¥]4ezkPh}~}]%v~[ezkng<~[y]{}hw}pfrG}xZ)\^]%{jh0eng<y¦§ t¦§{jr6e
\(h}kfv{jv\^]4~[ezvxr<~[~}])U¡´g<w}w2])xd 2[5a wQgtpxgaezh[v¤kn]D¥CGF]w}pnr<[Z4\9]G«
oA¦ªyrG\9w[])k4«e)­ ]ijw}pnvx\9]yrG\^\9]
efh}vk%¡âGr<vxp G H}«[}«+I}«T_
JwQrGh}p
{jvx<]4pnef]4eY}]4h}pfvezkfv¨Gh[]4e|¥:p
>
9
 JRL 

 :  "! F  B$#   \gijvx\^vxef])p
>
9
 JL% &'
r&q )("! F  @)#T]k  *! F  B$#   ,+.-/ F0G«]k
x]4e :  1%  ]k    efr<~6k
{j]De])~6kfvx])p|ewQr6ezvkfv-K´e45agt~[e
~}rtknpf]dknh[{j]8p
 @ ]Demkx]©~}r<\(}pn]{}]a~©h[{}e
{jhpnd4ef]4g<hT«
 2 *! F  B3#  :  4,« :  ]Demk g©[g<~[{j]
wQg<enefg<~Gkn]
{jvezw2r<~}vx}x]P{}g<~[eqg 3)rG~}]  ]k54 yrGpfpn]4efwQrG~[{ 9xg^[g<~[{j]w[gGefengt~6kf]a\gijvx\^g<]G«
    { r ; ( < ezvUx]©~+©h[{ (6 «    { - efvx~}r<~T«   {jF©ezvxg9pn]4¨6h}¬kn]©{U­ d4\^vxenezvxr<~r ; ( < {jh~}r]4h[{ ( g9dkfd©gGy)y]4wjkfd4]<«   { - efvx~}r<~T« '(*! F  @)# 1%  { r ; ( < efvUr<~y|Y}]4pny|Y}]© 9r<w}kfvx\9vef])pg(Qgt~[{j]©wQg<enefg<~Gkn]<Prtkfpn]w}pnr<}xZ)\^]{j]pnd4ef])pn;gtkfvxr<~9{j][gt~[{}]w[g<enefg<~6kf]]4ezkh[~}]v~Qemk|gt~[y)]efvx\9w[v£[d)]
{}h9w[pfrG}Z4\^]
{}h 2 [5aÕ6>](y)gG{jpn]%{j]4epnd4ef]4gth}ip|g<{jvxr¢w2])hjk©gthQefefvg<w}w2r<pfkf])pa{U­ gthjknpf]DePefv\^w}xv¤£2y)gknvrG~[eagth0w}pnrt¦
[Z4\9]G<oAgtp ]ij])\^w}x]<«Gr<~^wQ]4hjky)r<~[efv{jd)pn])pq¨6h}]
y|Y[gG¨6h}]~+©h[{{jhpnd4ef]4g<hgtw}w[g<pzknv]4~6kA h}~~}r<\(}pn]
2r<pn~}d^{j]efgGy)ear<h¨6h}]y|Y[g<¨6h}]^eng<y9yr<~6knv]4~Gkh}~~}rG\%}pn](2r<pn~}d^{j]^~+©h[{}e465]9w[h[e4«TyrG~6kfp|gtvxpf])¦
\^]4~Gk%g<hji?d)kfh[{j]Deyvkfd4]4eefh}p©x]w}pnr<}xZ)\^]^<d4~}d)p|gtq{jh 2  5r&q rG~Õezh}w[wQr6ez]¨6h}] B ]Demkw2]knv¤k
¡7{j]PH­ r<p|{jpf]{j]g%{}v43Dgtvx~}]D¥q]k¨6h}] @]4ezkFGpng<~[{¡´¨6h}]4x¨6h}]DeFy)])~6kng<v~[]4e|¥C«6~}r<h[eg;<rG~[eq{}g<~[eF~}rtknpf]ay)g<e
B$w}pnry|Y[]{j],@Õ¨6h}v]Demk{j]H­ rGpn{jpn]{U­ h}~}]%y)])~6kng<v~[]%gthw}xh[e])~w}p|gknvx¨6h}]G[XrGhjkf]DePy)]4e
pn])\g<pn¨6h}]De
smhQemknv¤£[]4~6kx]@K´g<v¤k¨6h}]PH­ rG~,e4­ vx~6kfd)pn]4enef]P g%y)r<\^w}x]ijv¤knd{j]y]w}pnr<}xZ)\^]P])k{j]y]De G])p|ezvxr<~Qeqezvx\^w}xv¤¦
£Qd)]4eP¡´efr<~6kz¦§vekfrGhsmr<h[pneqPoA¦ªyr<\^w}x]k|eAr<h^~}rG~7;¥])k ¨6h}]7­ r<~y|Y}]4pny|Y[] w[pfrGwQr6ez]4pq{j]4eAY[])h}pnvxezkfv¨6h}]4e
\^vx])hjig<{}g<wjkfd4]4e 9~}rGew[pfrG}Z4\^]4e¨6h}]]DeY}])h[pfvemknvx¨6h}]DewQrGh}p] 2[5a$Gd)~}d4png<7«j{}g<~[ex]y)g<er&q
vxepf]Demkn])~6k
{j]4ew[pfrG}Z4\^]4e{jv-oy)vx]4e4
8 9 %	 +¢|' ;:$*"U'=<9*?> *,'"
bo ez]\^rj{jd)xvxef] 0H­ g<vx{j]{U­ h}~ <p|gtw}Y}],}vwQgtpfkfvA@ { ;CB56 ED < «qg;<]Dy ¡â]4~[ez]4\%}x]{j]4epn]4¨6h}¬)kf]Den¥P]k 6 ¡´])~[ef])\(}x]^{}]4eefgGy)e|¥P{}vxe´smr<vx~6kne4«2])k DF HG6 ¡7gtw}wQgtpfkf])~Qgt~[y)]({U­ h}~}]^pn]4¨6h}¬kn]9 h[~eng<yD¥C«gGy)y)r<\^w[gtG~}d{j]¢{j]4hji KârG~[yCknvrG~[e{j],y)r$EjkJILKNM 6COQP pn])w}pnd4ef])~6k|gt~6k©wQrGh}ph}~Õeng<yeng
y4gtw[gGyvkfdG«}]k rRMDSOTP {jr<~[~[gt~6kPw2r<h}pPh}~}]%pn]4¨6h}¬)kf]%efr<~y)r$EjkD >~w2])hjkgtxr<p|epf]Kâr<pn\%h}x])p
bUFo
{}]ag^\gt~}vxZ)pn]ezh}vxgt~6kf]dp
#m2jXVPa;yp?<P~?<p|gtw[Y}]}vxw[gtpfkfv@ { ;WB6 1D < «h}~ ])~6kfvx])pwQr6ezvkfv-K5X ZY RYÍ«{j]4hji Kâr<~[ykfvxr<~[e{}]y)r$Ejk[I K M6"O\P])k@rJM&]O\P
1 <[y 2jX # >a py emkf¦§y)] ¨6hT­ vt])ijvxezkf]8_^a` Õkn])G¨6h}] Z  Nbac r ; ( < 6 X ])k'¨6h}]  X  6  Z]d &e fg N d bacih
j fkEgmlon r ; ( < ILK ; X < 
àâá Ä à Ê
 
	


 !#"$%"&'()"$*+,-
,.$/0&"!  
boA¦ªeng<y)ez¦§QrGpf~}dDe%]Demkh}~[]vx~[ezkng<~[y]{j]bo pn]4ezkfpn])vx~6kf]gth y)g<e^{j]DeefgGy)e^{j]{j]4<pnd,2r<pn~}d<
bUFoP_(]Demkh}~}]9v~Qemk|gt~[y)]9{j]boïg;lGgt~6kkfr<hQex]4eeng<y4e{j]^y)g<w[g<y)v¤knd0F9]kakfrGhjkf]De]DePpn]4¨6h}¬)kf]4e{j]
y)r$EjkSFGt
r<hQe\9rG~6kfpnr<~[e¨6h}]y]Dekfpnr<vew}pfrG}xZ)\^]4e¡´bUFo«<bUFoq¦§eng<y4em¦§QrGpf~[d4e']kq\^¬)\^]]w[pfrG}Z4\^]
knpfZDeezvx\^w}x]bo
_D¥efr<~6k

oA¦ªyrG\9w[])kne4
SRUT  W  m \hfS]haLZ Y[k m i+W \ f
 ¯ ¯2	´°	´¯
A 4O!*	@:-

 * *©or<h}p\9rG~6kfpn])pT¨6h}]qbo
_A]Demk'PoA¦ª{jv o¢y)vx]<«4v<efhLo^k'{j] \9rG~6kfpn])pT¨6h}] #m[5 yqo8yF[5 y PX
2Ly X GÉJ8 bo
_G
2rGv¤kFh}~^<p|gtw}Y}] = { ; ED < ])k h}~^])~6knv]4p X ]Y 3Y¤->~yrG~[ezkfpnh}v¤k  wQgtpfkfvxpq{j]Pu h}~[]v~[ezkng<~[y]{}](bo {}r<~}~}d4]%w[g<pefr<~Gpng<w}Y}]}vxw[g<pzknvV@ pUy|Y[g<¨6h}]%pf]D¨Gh[¬kf]9{j]J@ ]Demkg<enezrjy)vd% ,h}~?~[r6]4h[{0{j]=$]kPy|YQg<¨6h}]©efgGy{j] @]DemkPgGefefrjyvxd)] 9h}~gtp|ya{}],=ÕQFY[g<¨6h}]©eng<yyrG~6kfvx])~6kP{jr<~Qya{}])hjipf]D¨Gh[¬kf]De)
>]©yr$E}kP{j]©y|Y[g<¨6h}]pn]4¨6h}¬kn]<«j])k
xg^y)g<w[g<y)v¤knd©{j]y|Y[g<¨6h}]eng<ya]4ezkP{j]^_<
2­ vx'])ivezkf]h}~[]%ezrGh}kfvxr<~  #m[5 yqo8yF[5 y PX 2Dy X {j]%y4gtp|{jvx~[gtg<h\^r<vx~[eUX«[gtxr<p|evx])~]Demk
{}]©\9¬4\^]©wQrGh}p
bo
_8p}]4~]
7]k4«Q{j])hjid)xd)\^])~6k|e
gtw}wQgtpfkf])~Qgt~6kg<h\9¬4\^]©])~[ef])\(}]vx~[{jd4wQ]4~[{j])~6k
{}]Py])kzkf]ezrGhjknvrG~^~}]
w2])h}G])~6k ¬knpf]pn])xvxd4eq{}g<~[eU=«<]kFw[gtp y)r<~[efd4¨6h}]4~6k gtw}w[g<pzkn])~}vxpq ©h}~\^¬4\9]efgGy
{}] @^}bdDyvxw}pnr¨6h}]4\^])~6k4«yrG~[ezv{jZ4pfrG~[eqh}~[]efr<xhjknvrG~,{j]©y)g<pn{jvx~[g<2g<h¢\^r<vx~[eLX${j]bo
_G}FrG\^\9]
x]4eAeng<y4eA{j]A@OrG~6kw2r<h[pqy)gtwQg<yvkfd_G«]DeApf]D¨6h}¬kn]4eezrGh}kfvxr<~[eA{j]
bUFoP_~[]wQ]4h}<]4~Gkqg<w}w[gtpfkf]4~}vxpq h[~
\^¬4\9]efgGyt«<])kF~}]aezrG~6kF{jr<~Qyw[g<e pf]4vxd)]Deq{}g<~[eU=Õ`yqx]DeFy)r<~[ezkfvkfh[])~6k w[g<pFyrG~[efd4¨6h}])~6kqh}~,])~[ef])\(}]
vx~[{jd4wQ]4~[{}g<~GkP{[gt~[e=Õ«j])k
h}~}]efr<xhjkfvxr<~{j]y4gtp|{jv~QgtUgth\^r<vx~[eX {j] #m[5 yqo8y  5[yFPX 2DyFX

 ¯ ¯2	´°	´¯
 A ) !U%!:t
"O!*	@:-
/ 
 * *©or<h}p^\^r<~6kfpn])p¨6h}]boA¦ªefgGy)ez¦H2r<pn~}d4e(]4ezk¢
oA¦ª{jv-o¢yvx]G«qr<~ \^r<~6kfpn]¨6h}]t¦$#a ¦
2AXG J8  boA¦ªeng<y)ez¦§QrGpf~}dDe)
2rGv¤k&% {(' L*) ) ) ) ) ',+h[~}]Kâr<pn\%h[]~}rGpf\g<]¢y)r<~smrG~[yCknvG]^{T­ rGpn{jpn]¢ %B y)xg<h[ef]4e4«ezh[p,@
g<pfvgt}x]4e  L  ) ) )   >-[y|Y[g<¨6h}]©y)xg<h[ez].'  « (  B «}]Demkg{jveâsmrG~[yCknvrG~{j]knpfrGvxeg<pfvgt}x]4e{}vxezkfvx~[yCkn]4e/  K « /  M ]k /  0 ">~y)r<~[ezkfpnh}vk9 0wQgtpfkfvxp({j]1% h}~}],vx~[ezkng<~[y]{j]"boA¦ªeng<y)ez¦§QrGpf~}dDekf]4x]¨Gh[]2% ezrGv¤kengknvxeUK´gtvengt}x]qezvG]kez]4h}]4\^])~6k'efv<H­ vx~[ezkngt~Qy] {j]boA¦ªefgGy)ez¦H2r<pn~}d4ew2rGenefZ4{j]Ah}~[]Fefr<xhjkfvxr<~{j]Fy)gtp|{jvx~[gt
g<h\9rGv~Qe @A4Pr<h[eT{}d£[~}venezrG~[eTy])kzkn]qv~Qemk|gt~[y)]Aw[gtpefr<~Gpng<w}Y}]}vxw[gtpfkfv@ y)r<\^wQr6ezdq{}]d}430@^pn]4¨6h}¬)kf]4e
])kP{j]5@;.Beng<y4e)
FY[gG¨6h}]pn]4¨6h}¬)kf]{j] @ ]Demkg<enezrjy)vd4]aefr<vk (h}~}]gtpnvgt}x]   «}efr<vk 9eng%~}d4Ggtkfvxr<~   «jw2r<h[pFknr<hjk
( S@A[Pr<h[e{}d£[~}venezrG~[e{j])h}i¢kmlwQ]De
{j]©efgGy)e4>]4e9efgGy)e{jhw}pf]4\^v]4pkmlwQ]ezrG~6k({j]"y4gtw[gGyvkfd0_G'X'r<hjk^efgGy X  {jhw}pf]4\^v]4pkmlwQ]G« (  @A«']Demkpn])xvxd%  ' g<v~[efv¨Gh­   ' ?<P~}](ef])h}x]({}]4ea{j])hjipn]4¨6h}¬)kf]4eg<enezrjy)vd4]4e
  
 ]k 
 wQ]4hjka¬)kfpn]pn]kf]4~h}]<>]4e9ezrGh}kfvxr<~[e(ezrG~Gk^{jr<~Qy,gthw}hQe({j]y)g<pn{}v~[g<U@ ])k(knr<hjkn]"efr<xhjkfvxr<~{}]y4gtp|{jv~QgtFy)r<pnpf]Dezw2r<~Q{ð 
h[~}](vx~[ezkng<~[yvgknvrG~?{j]4eagtpnvgt}x]4eQrrGd4])~}~}]De)?>]4eefgGy)ea{jh {}])hjijvxZ)\^]%kmlw2]ezrG~Gk{j]^y)gtwQg<yvkfdDea
])kefr<~6kg<enezrjyvxd4egth}iy)xg<h[ef]4e{j]g,KârGpf\(h}x]<L>T]aefgGyPg<enefry)vda 5'  ]Demkpf]4vxdg<hjipf]D¨6h}¬kn]4eg<enezrjyvxd4eg<hji,gtpnvgt}x]4e /  K « /  M ]k /  M 2­ vx])ijvxezkf]h}~}]ezrGh}kfvxr<~{j]y)g<pn{}v~[g<Fg<h\^r<vx~[e @O ?bo gtxr<p|e6% ]Demk^efgtkfvehK´g<vxengt}x]8py])kzkf]
efr<xhjknvrG~ yrGpfpn]4efw2r<~[{0 h}~[]9vx~[ezkng<~[yvgknvrG~ {j]De;g<pfvgt[]DePr&q?knr<hjkn]^y)xg<h[ef] '  { /  K ) /  M ) /  0 ]Demk
Ä'Ä »[·CéCè
   
C'.
 O!*.D	O:!
K´g<h[enez]Fw}h}vef¨6h}]{j])hji%g<hw}xh[e{j]4ekfpnr<ve'pf]D¨Gh[¬kf]De'gGefefrjyvxd)]De  /  K  /  M  /  0 efr<~6kpf])kf])~h}]De) #ª~<])p|ef])\^])~6k4«vx]4ezky)xg<vp¨6h}]efv%]4ezkengknvxeUK´gtvengt}x]g<rGpne v]ijvemkn]Ph}~[]aefr<xhjkfvxr<~{j]y)gtp|{jvx~[gt @? %bUFopjvxUezh+o9k
{}]apn]kn])~}vxpx]4epn]4¨6h}¬)kf]4egGefefrjyvxd)]4eg<hji,gtpnvxg<}x]4epng<v]De]kPgth}i,~}d)6gknvrG~[e{j]4eg<pfvgt}x]4e;K´g<h[efef]4e4

FrG\9\^]boA¦ªefgGy)ez¦H2r<pn~}d4e `bo ])kbUFoP_[`bo«~}rGh[e]4~9{}d4{jh}vefr<~[e']pnd4efh}¤k|gkezh}vxgt~6kOp
  ¯¯Q³7³    *     
*O!*	@:-  
SR Q  c m[i+f ]Uf6ii+Zb^`k \CaL_aY _ m m[i+W @] _aL]UWdc
<P~}]w}pf]4\^vZ4pf]Y}])h}pnvemknvx¨6h}]ezvx\^w}x]a¨6hT­ vw[g<png3xk~[gknh}pn])x]{j]apf]4Ggtp|{j]4pq]4ezkH­ Y}])h}pnvemknvx¨6h}]a<xr<hj¦
knr<~}~[]
r$qrG~9]Defeng;l<]{U­ vx~[ezd4pf]4pqx]4eqpn]4¨6h}¬)kf]DeA]Deqh}~[]4e g<w}pnZ4eAx]4eFgthjknpf]De) #ªQ]4ezkFygtvxp ¨6hT­ h}~}]aezrGhjknvrG~
g<v~Qezv2r<jkn])~h}]Py)r<~[ezkfvkfh[]Ph}~}]efr<xhjkfvxr<~\gijvx\gtx]gth"ez]4~[eF{}]PH­ vx~[yxh[efvrG~¢w2r<h}p]w}pnr<}xZ)\^]Pbo
#ª2ez]4\%}x]
vx~6kfd)pn]4enengt~6k {j]y)r<\^w[g<pf]4pqy]kfkf]aezrGhjknvrG~<xr<hjknr<~}~[]
 ©h}~}]aezrGhjknvrG~r<wjknv\g<]G->~w2])hjk
\^rG~Gknpf]4p¨Gh[]8p
 ¯ ¯2	´°	´¯
 	
|@.L:! .L ! !  	-  .L:! .L ! $-!*.L)!*1 SS- 
A.B)
 !* * )
d,
.L"& 
!* 
*C&'-!* Z  N r ; ( <  }UZ  N r ; ( < ; ( < !  ; ( <!* !:"0.:!	%
"&,C
t.$/DA.
 t$ 
(;-A
.BC (   * *©'F]kfkf]w[pf]4h}<]]4ezkP[gGezd4]©ezh}pP],K´g<v¤kP¨6h}](y|Y[g<¨6h}]d)xd)\^]4~Gka{j]
 ]4ezk
pn])xvd g<h
\^rGv~[eh}~eng<y^w}x])vx~ÕwQrGh}p%«'y<­ ]Demkf¦§ t¦§{jvxpn]^kf])¨6h}]¢g0y)g<w[g<y)v¤kndvx}pn],{j],y)],efgGy^]4ezk(ezkfpnvxykf])\^]4~Gk
vx~LKâd4pfvx])h}pn]F Pxgpn]4¨6h}¬kn]¡7ezvx~}r<~(y]kfkf]pn]4¨6h}¬kn] w2r<h}pnp|gtvk¬knpf]pngtsmr<hjknd)]  ¥ >~~}rtkn] 6H­ ])~[ef])\(}]
{}]4eeng<y)ew[]4v~[ew2r<h[pU/'<]Dyy]kfkf]pn])\gtp|¨6h}]<«jrG~g
9
 N  
r ; ( <  9f N! 
; 9
 N d    gml2f
r ; ( <O<  9f N" 
;I K ;YX < V 9
 N l   l2f
r ; ( < < )
FrG\9\^]?X  6  «2g<rGpne[I K ; X < { Z  N l   l2f r ; ( < . Z  N d     gml2f r ; ( < .$# ( : r  ; X < r$q%# ( : r  ; X <y)r<pnpf]Dezw2r<~Q{9 xg%w[gtpfkfvx]
~}rG~¢hjkfvxxvxefd)]a{jh,eng<y Xag;<]DygezrGh}kfvxr<~&% >~,g'# ( : r  ;YX <( r ;84 < wQrGh}pFh[~{}]4e 4  
!DFrG\^\9] ]DeUpf]D¨6h}¬kn]4eTefr<~6kUkfp|gtvkfd4]4eUwQgtpTgtx])h[p{jd4y)pfrGvxenengt~6kf]G«|g<rGpne)# ( : r  ; X < r ; ( f <r&q4r ; ( f < ]4ezk
xg9w}pn])\^vxZ)pn]apn]4¨6h}¬)kf]vx~[ezd4pfd4]a{[gt~[e* ¨6h}vg<w}w[g<pzknv]4~Gk
  XG >~g9{}r<~[y
9
 N   
r ; ( <  9f N" 
; 9
 N d     g l2f
r ; ( < . r ; ( f <O<  9 N   
r ; ( < 3 + ; ( < . 9 N
r ; ( < 3  ; ( < )
>~"w2])h}kP])~yrG~[yxh}pn]¨6h}] 9
 N 
r ; ( < { 9 N  l 
r ; ( < . 9 N , 
r ; ( <  }39 N
r ; ( < 3  ; ( < )

>~ w2])hjk,~[rtkf]4p¢¨6h}]rGpnen¨6h}]kfrGhjkf]De]Depn]4¨6h}¬kn]4e^rG~Gk¢h[~ y)r$Ejk,{}] F<« g<rGpne9r<~ gðknr<hsmrGh}pne
# ( : r  ; X < { - +5(­ r$q]y)r<pnpfrGxg<vpn]Pefh}vx;g<~6kOp  ¯¯Q³7³    *  - .
 
t.L4! .L ! !  	- 
/ .L! .L !*S*!.LC!:& )!*.L)
4-

A.B)
 !(8.LW!10L;"&5n $+&A
.A
.BC,$  0.t .D32  d-!* Y 
 YD42Y JY
àâá Ä à Ê
 
	


 !#"$%"&'()"$*+,-
,.$/0&"! 
  9 3F*) ð S3 'C
>'g0y)g<pngGyCkfd4pfvengkfvxr<~ðxry4gtx]¢{j]4e 3)rG~}]4e%{j]¢}pnr<h}vxxxg<<]~}rGh[e%gw2])pn\^vxe({U­ gt2r<p|{j])px],w[pfrG}Z4\^]
{}],g0pnd4ef])pn;gtkfvxr<~Õ{j]"[gt~[{}],w[gGefengt~6kf]"{j],\gt~[vZ4pf]¢w[h}pf]4\^])~6k9g<Gr<pnv¤knY}\^vx¨6h}]GF],w[pfrG}Z4\^],ez]
pnd)GZ)x]^¬kfpn]h}~}],v~[ezkng<~[y]¢{}hðw[pfrG}Z4\^]¢{jhefgGyC¦ª ¦ª{jrGea\(h}¤knvx{}v\^])~Qezvxr<~}~[])H
rGh[eg;<rG~[e])~Qezh}vkf]
\^rj{jd4vezdbo?w[g<ph}~(<p|gtw}Y[]q}vxw[gtpfkfvg£[~({j]F\^rG~Gknpf]4p'engPPoA¦§y)r<\^w}xdknh[{j]<«{j]{jr<~[~}])ph}~}]FQrGpf~}]
vx~LKâd4pfvx])h}pn]{U­ h}~}](Y}])h}pnvemknvx¨6h}]GrGhjkfrG~}~}]G2F]4ePpfdDezh}kngtknePv~[{}h}vxef])~6k{}]~}r<\(}pn])h[ef]4e
¨6h}]DemknvrG~[e4«[]k
~[]efr<~6k
¨6hT­ h}~w}pf]4\^v]4pw[g<eG])p|eFh[~}]©dknh[{j]©w}xh[e
g<w}w}pnr*Kâr<~Q{jv]{jhw}pnr<}xZ)\^]©bo
Pr<h[e9~}rGh[e9v~6kfd4pf]Defefr<~Qe%~}r<kng<\9]4~6k^ ð{U­ gthjknpf]De(Y[])h}pnvxezkfv¨6h}]4e9w2r<h}py)]"w}pnr<[Z4\9]G«]kwQrGh}p^]
y4gtyh}A{j]^g(3)r<~[]9{j]^}pnr<h[vxxg<<]9{U­ h[~}]ezrGh}pny)](p|g<{}vr])~ðhjkfvxxvxengt~6k]Dev~LKârGpf\gtkfvxr<~[eyrG~}~h}]4ea]4~
w[pngtkfv¨Gh[]¢¡âr<~0y)r<~}~Qgtvk
wQrGh}py|Y[gG¨6h}]©~+©h[{x]4e
w[h}vxenengt~[y)]4e
g;G]4ya]Def¨6h}]4x]4ePezrG~Gkpf] uh[ex]4e
~+©h[{}e
g<]4~6kfr<h[p|¥ #ªP~}rGh[e¢ef])\%[]d4Ggtx])\^]4~Gk]Defef])~6kfvx]){j]\^]kzknpf]?])~ w}g<y]0{}]4e¢efv\(h}gkfvxr<~Qe¢g£[~ {j]
Gd)pnv¤£Q])p]ijw2d)pnv\^])~6k|gtx])\^])~6k7­ ]
o¢y4g<yvkfd©{j]y)]4eY}]4h}pnvxezkfv¨6h}]4e4
 43
	
 
!"#%$&'
 ()+*	,-$./.0-,+1212435./0-,&/' 6708$9: '4;$:	4120=<?>
@ ?.41?, @ .0A4:B
DC8EGFH+IJKLJMDNONQP ERJ2S TUK7VJW	UKXEYH+FZQ[]\/^&_\%`a%a-Zb&\\[

 a&dc
feg
f8%+hi4kj
DlQ
Dm0]94120]
onqpW(NrKLJIFsUtQSvuwtKXI2UOH+KRUOx+EGP EGKXy{zM}|~rEYS-J5KRpK7V4JV4J2pIwyp
 znqpW(NQPJKLJtJFF
+:dZ\O?\/

 %	"
A1
~M(PGPp&HUKXEYptS-JJFFprI2HwJF8UOSEYp
q!"94j$94121Z(4O+12;$!b%18-Z\]\]\

 [?	m
4lQ
48?c
4'43]4?w
b(..0&/:d%$8?30;$94:o6G0: '4;$:	120?Q+0>R04 @ 4.41?, @
./0]A4:	1~>D.4?w:	$2,8.4./0O?,9
TvUtQU&-JW	Jt4KfQH+ERJtHJZ[YO^ [O<]a&`-[/&<Zq\]__/

 &e
0]'0's45
Qc5,w9?#/1
f+(/h>R @  '/1$,1670$94c5'$/:	+4120]4<?>¡?.>
1?, @ !"0A4:B
¢£NJIUKXEYptFJF+J2UIHwVZa]Y¤O^]</w`][/Zf\O\

 ¤%	
l
cB4(4 g
/c
4cB? @ 0&;$]
"¥	$9120]'/$00?6b/12,+$./0]3w?:	:	43.0A4:	1
b¦Hptp]z
W	JKXIEYHUZQa]-^ _?[?`4]&<Zb&\]]

Ä'Ä »[·CéCè
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
